Background: frailty is a state of vulnerability to stressor events. There is uncertainty about the beneficial effects of exercise interventions for older people with frailty. The Home-based Older People's Exercise (HOPE) programme is a 12-week-exercise intervention for older people with frailty designed to improve mobility and function. Methods we tested feasibility of the HOPE programme in a two arm, assessor blind pilot randomised controlled trial (RCT). Eligibility criteria included living at home and receiving case manager care, being housebound or attending day centres in Bradford, UK. Intervention participants received the HOPE programme; control participants received usual care. Objectives were to gather process, resource, management and scientific data to inform the design of a definitive trial. Primary outcome was mobility, measured using the timed-up-and-go test (TUGT). Secondary outcomes were activities of daily living, healthrelated quality of life and depression. Participants were stratified by the baseline TUGT score. Randomisation was by the University of Leeds Clinical Trials Research Unit. Results eighty-four participants were recruited. Forty-five were randomised to intervention and 39 to control. Forty intervention participants and 30 control participants were included in the intention-to-treat analysis. There was a non-significant trend towards a clinically important improved outcome in the intervention group (mean adjusted between-group difference in the TUGT 28.6 s, 95% CI −8.5, 65.9 s). There were no differences in secondary outcomes. Conclusion the HOPE trial has provided preliminary evidence that the deterioration in mobility experienced by older people with frailty may be reduced through a 12-week-exercise intervention. The pilot trial has provided the necessary data to design a future definitive RCT. Trial registration and date of first participant randomisation.
Background
Frailty is a state of vulnerability to stressor events [1] as a consequence of cumulative decline in multiple physiological systems. A quarter to a half of people over 85 years have frailty and are at significantly increased risk of falls, disability, care home admission and death [2, 3] . Reducing the prevalence or severity of frailty could have considerable benefits for older people, their families and society. It is important to consider whether interventions to improve outcomes are effective across the spectrum of frailty, and trials that incorporate valid and reliable measures of frailty are required [1] .
Exercise has physiological effects on the brain, endocrine and immune systems and skeletal muscle [4] [5] [6] [7] [8] and may be beneficial for older people with frailty. A recent systematic review concluded that the Otago Exercise Programme, a home-based falls prevention intervention, was effective at reducing falls and mortality [9, 10] in older people. However, evidence from falls prevention studies is not necessarily generalisable across the frailty spectrum as falls prevention tends to be targeted at older people who are living independently or have few restrictions in activities of daily living (ADL). This group of older people is unlikely to have significant frailty. Additionally, the majority of falls prevention interventions include an aerobic component which may not be appropriate for the most frail, considering the low energy expenditure and fatiguability that characterise frailty.
A 2012 systematic review reported preliminary evidence that home-based exercise interventions for older people with frailty may slow the progression to disability, but there was considerable uncertainty regarding important outcomes including quality of life and admission to long-term care [11] . Conclusions were limited by the small number (n = 6) of randomised controlled trials (RCTs) of variable methodological quality. Notably, none of the trials used validated measures to record baseline frailty of participants.
The MRC framework for developing and evaluating complex health interventions stresses the importance of pilot work prior to a definitive trial [12] . The Home-based Older People's Exercise (HOPE) programme is an exercise intervention for older people with frailty, designed to improve mobility and function. We report feasibility testing of the HOPE programme in a pilot RCT that incorporates a valid and reliable baseline frailty measure.
Objectives
A successful pilot RCT provides important process, resource, management and scientific data [13] . The objectives of the HOPE trial were to gather these data to inform the design of a definitive trial, particularly to test for a preliminary estimate of effectiveness.
Methodology
A detailed description of the trial methodology has been provided elsewhere [14] and an overview is outlined here. Trial methods were informed by international guidelines on designing RCTs of interventions to prevent functional decline in older people with frailty [15] .
Design
A two arm, assessor blind pilot RCT comparing the effectiveness of the HOPE programme with usual care.
Eligibility criteria and recruitment methods
A particular challenge of frailty research is recruiting an appropriate study population. A key objective for this pilot trial was to investigate methods of recruiting older people with frailty. Our approach was to use eligibility criteria to exclude the robust and then measure frailty in those who were recruited [15] .
Our eligibility criteria were people living at home and under the care of a case manager or community matron; the housebound (identified through Read code searching of general practitioner (GP) registers of National Institute for Health Research (NIHR) 'Research Ready' GP practices); attending a day centre or respite care; residence in assisted living sites; at discharge from intermediate care hospitals and following attendance at elderly medicine outpatient clinics in Bradford, UK. People were excluded if they were unable to stand and walk independently; currently participating in an alternative exercise programme; registered blind. Those who had poorly controlled angina; had another household member already in the trial; had severe dementia or were receiving palliative care, were also excluded.
Verbal assent was first sought by the member of the health or social services team coordinating individual care. Potential participants identified from GP registers were contacted by letter from the practice and responses were mailed directly to the study team. Those expressing an interest were visited at home by trained clinical researchers who undertook detailed screening, explained the study in full to eligible candidates and provided written information leaflets. Informed consent was obtained prior to baseline assessment.
Description of the intervention
The HOPE programme is a 12-week-progressive exercise intervention that is presented to participants in an exercise manual and delivered by community-based physiotherapists. For this trial, the intervention was delivered by Bradford Teaching Hospitals NHS Foundation Trust community physiotherapists. The manual contains five sections; (i) information, (ii) safety tips, (iii) good posture, (iv) exercises and (v) staying on track. The core constituents of the HOPE programme are strengthening exercises for the muscle groups required for basic mobility skills like getting out of bed, standing up from a chair, walking a short distance and getting off the toilet [16] . Maintenance of these basic mobility skills is critical for older people with frailty because impairment increases risk of immobility, causing further loss of muscle mass, activity limitation and potential dependence on others for care. The exercises require no special equipment and can be performed without professional supervision.
To account for the spectrum of frailty, the HOPE programme is graded into three levels. Participants are stratified to the appropriate level using their baseline performance on the timed-up-and-go test (TUGT). This measures, in seconds, the time taken to stand up from a standard chair, walk a distance of 3 m, turn, walk back to the chair and sit down.
The TUGT was developed as a basic mobility test for older people [17] and has good accuracy for identifying frailty [18] . The original TUGT validation study identified that those who complete the test in 30 s or more tend to require assistance with climbing stairs and leaving the house. Therefore, participants completing the TUGT in ≥30 s are stratified to HOPE programme level 1, which contains very simple chair-based exercises. Those who complete the test in 20-29 s demonstrate greater variability in mobility, balance and functional ability and are stratified to level 2, which is the intermediate level. Those who complete the test in <20 s tend to be independently mobile, able to get in and out of a chair without assistance and climb stairs and are stratified to level 3.
The HOPE programme physiotherapist timeline is provided in Figure 1 . Physiotherapists receive intervention training in a 2-h workshop. At the beginning of the intervention, participants are requested to perform five repetitions of each exercise in the routine. This progresses to 10 and then 15 repetitions as performance improves. The exercise routine takes <15 min to complete, and participants are requested to complete the routine three times a day on 5 days of the week.
Participants receive weekly support from physiotherapists through five face-to-face home visits and seven telephone calls. If participants are coping well with the exercises they are encouraged to progress within the programme. Progression is by increasing repetitions, introducing new exercises or advancing to the next level of the HOPE programme.
A summary of the HOPE programme development process, including behaviour change theory underpinning the intervention, has been described previously [14] . A schematic representation summarising the evidence synthesis process to develop the HOPE programme is provided in Supplementary data available in Age and Ageing online, Appendix S1.
Description of usual care
The control group continued to receive usual care from the primary healthcare team and, other than baseline and followup assessments, had no contact with the research team.
Baseline assessment
Baseline assessment was conducted by the researcher in the participant's home and included age, sex, cognitive assessment (Mini-Mental State Examination, MMSE), co-morbidity index [19] and Edmonton Frail Scale (EFS). The EFS is a valid and reliable measure of frailty that samples 10 domains, including cognitive impairment, functional ability and mobility, measured using the TUGT [20] . A score of >8 identifies people who are frail with a maximum score of 17 representing the highest level of frailty.
Outcome measures
The primary outcome was mobility, measured using the TUGT [17] . The TUGT demonstrates good agreement with measures of functional ability and is considered sensitive to mobility changes [17, 21, 22 ]. An improvement of 1.4 s has been identified as the minimum clinically important difference (MCID) [23] .
Secondary outcomes were (i) Self-reported modified Barthel index of ADL [24] . The Barthel index assesses functional status on a 20-point scale; higher scores indicate greater independence. (ii) EuroQol Group 5-Dimension Self-Report Questionnaire (EQ-5D) [25] The EQ-5D is a standardised measure of health utility reported as a summary index score (0 for dead, 1 for perfect health and negative values for states worse than death). (iii) Geriatric Depression Scale -Short Form 15 (GDS) [26] .
The GDS is a screen for the presence and severity of depression in older people; a score of 0-4 indicates no depression, 5-10 is suggestive of mild depression and 11-15 is suggestive of severe depression.
All outcomes were collected at baseline and at 14 weeks post-randomisation.
Recruitment and follow-up rates were calculated to investigate study feasibility. Completion of data items was recorded to investigate acceptability of the outcome measures. Intervention completion rates and intervention adherence, measured using daily self-completed adherence diaries, were calculated to help determine acceptability of the intervention. Total adherence was defined as the percentage of days that the exercises were completed three times a day for 5 days over the course of the 12-week intervention. Partial adherence was defined as the percentage of days that the exercises were completed at least once a day for 5 days a week over the course of the 12-week intervention. Diary completion was defined as the percentage of the adherence diary that was completed. Participating therapists recorded total time for home visits, including travel time.
Outcome assessors recorded episodes of unblinding at followup visits.
Sample size
To inform the design of a future definitive study [13] , a recruitment target of 100 participants (50 per group) was set. Formal sample size calculations are not appropriate in pilot trials [13] .
Randomisation
Participants were stratified by the baseline TUGT (levels 1-3, see above) and underwent randomisation using restricted blocks of random size with an allocation ratio of 1 : 1. Generation and storage of the HOPE trial randomisation sequence and individual participant randomisation was by the University of Leeds Clinical Trials Research Unit, ensuring allocation concealment.
Analysis plan
Baseline differences between the control and intervention groups were compared. Histograms were plotted to assess the distribution of data for the primary and secondary outcome measures and assessed for normality by visual inspection. Skewed data were log transformed to yield lognormal distributions.
All outcome measures were summarised and 95% confidence intervals constructed for the difference in outcomes between control and intervention groups. Change scores were calculated by subtracting follow-up values from baseline values. Those unable to complete the TUGT at the follow-up were assigned a score of 300 s, as this was the maximum time recorded for completion of the test in the original validation study [17] . As analysing change does not control for baseline imbalances because of regression to the mean [27] , analysis of covariance (ANCOVA) tests were used for continuous outcomes, with adjustment for baseline values. Both adjusted and unadjusted values were tested to detect which had the smaller variance. Risk ratios with 95% confidence intervals were used for binary outcomes. Missing data were addressed by listwise exclusion [28] . The final intention-to-treat analysis included all randomised participants for whom the follow-up assessment of the primary outcome measure was available.
Results

Trial recruitment
Between July 2010 and November 2011, 474 potential participants were contacted to assess for eligibility and 84 (18%) were recruited. Forty-five were randomised to intervention and 39 to control. Seven participants withdrew from the trial, three were lost to follow-up and four participants died. Follow-up information is therefore available for 70 participants (83% of those randomised; 40 intervention participants and 30 control participants) (CONSORT diagram, Figure 2 ). Supplementary data available in Age and Ageing online, Appendix Table S1 summarises recruitment rates from different sources.
Baseline characteristics
The mean age of participants was 79 years (standard deviation, SD, 9.2 years) and 71% were female. No important differences in baseline characteristics were identified ( Table 1 ). The mean baseline EFS was 8.1 (SD 2.6). The overall mean baseline TUGT for all the participants was 51.0 s (SD 63.6 s).
Intervention completion rates and participant adherence
Twenty-eight participants in the intervention group (70%) completed the 12-week programme. Seven participants (18%) dropped out from the intervention, four participants were considered by the physiotherapist to have rehabilitation needs that were not provided by the HOPE programme and one relative withdrew a participant with moderate dementia, as they were non-compliant.
Adherence diaries were returned by 27 of the 28 participants (96%) who completed the 12-week intervention. Of the adherence diaries returned, the mean diary completion was 64%, the mean total adherence was 46% and the mean partial or total adherence was 67%.
Completion of data items
There were no missing data at baseline or follow-up for MMSE, Charlson co-morbidity index, TUGT, Barthel index or EFS. There was one missing data item for baseline EQ-5D but none for follow-up EQ-5D. There were two missing data items for baseline GDS and three for follow-up GDS.
Therapy resources required
Therapy records were returned for 34 participants (85%). The mean number of completed home visits was 3.7 (SD 1.6) and the mean number of completed telephone calls was 3.5 (SD 2.8). The mean recorded time for a completed home visit (including travel time) was 39 min (SD 9.5 min) and the mean time for a completed telephone call was 4 min (SD 1.2 min).
Outcomes
Unadjusted and adjusted between-group differences in primary and secondary outcomes are summarised in Table 2 . Although mobility had, on average, deteriorated in both groups at followup [intervention group mean change in the TUGT −10.4 s (95% CI −34.7, 13.9 s), control group mean change in the TUGT −39.1 s (95% CI −67.2, −11.0 s), there was a nonsignificant trend towards a clinically important improved outcome in the intervention group (mean adjusted betweengroup difference in TUGT 28.6 s, 95% CI −8.5, 65.9 s).
There were no differences in ADL, measured using the Barthel index, quality of life, measured using the EQ-5D or depression, measured using the GDS.
Sensitivity analyses
Two participants in the intervention group and five participants in the control group who had been mobile at baseline were unable to complete the TUGT at follow-up (risk ratio for new immobility, RR, 0.30, 95% CI 0.06, 1.44). An exploratory sensitivity analysis was performed whereby the data were re-analysed with results from these participants excluded. The overall trend was maintained, but considerably diminished (mean adjusted between-group difference 3.2 s, 95% CI −9.8, 16.2 s).
To analyse patterns of missing data, we did an exploratory sensitivity analysis using multiple imputation procedures for all randomised participants [29] . Results were similar for the primary outcome (mean adjusted between-group difference in the TUGT 25.9 s, 95% CI −13.9, 65.7) and secondary outcomes, indicating that the results from the primary intention-to-treat analysis were likely robust.
Adverse outcomes
Seven participants in the intervention arm and eight in the control arm fell at least once (risk ratio, RR, 0.66, 95% CI 0.27, 1.61). Two participants in the intervention arm and four in the control arm were admitted to hospital on at least one occasion (RR 0.38, 95% CI 0.07, 1.91). One participant in the control group was admitted to a care home.
Rates of researcher unblinding
Researchers were unblinded by participants during 62% of follow-up visits. Unblinding was more common when Table 2 . Unadjusted and adjusted mean between-group differences in the primary and secondary outcomes SD, standard deviation; CI, confidence interval; EQ-5D, EuroQol Group 5-Dimension Self-Report Questionnaire; GDS, geriatric depression scale.
To control for baseline imbalances, data were adjusted using analysis of covariance (ANCOVA) tests. Data are presented for the 70 participants for whom both baseline and follow-up data were available. participants were in the intervention group (73%) compared with the control group (48%).
Discussion
The pilot HOPE trial has provided important process, resource, management and scientific data, including a preliminary estimate of effectiveness to guide the design of a future definitive RCT.
Process data
Approximately one-fifth of those approached were successfully recruited. Recruitment rates were lower than the majority of RCTs identified in an earlier systematic review [11] , but this may reflect different inclusion/exclusion criteria and methods of approach. Given that the trial recruited a population of older people with frailty at high risk of adverse outcomes, retention rates were relatively high, with only 7 out of 84 participants (8%) withdrawing from the trial. Only three participants (4%) were lost to follow-up. The high rates of completion of data items provide reassurance that the selected outcome measures were appropriate and broadly acceptable to participants.
Although mean recorded partial intervention adherence was relatively high at 67%, total recorded adherence was lower, with a mean of 46%. This implies that a home-based exercise intervention intensity of three times per day on 5 days of the week may not be realistic for some older people with frailty. However, one limitation of self-completed adherence diaries is that low rates of diary completion do not conclusively confirm low rates of exercise participation. Use of wearable functional activity monitors, which continuously monitor participant activity, should be considered for a future definitive trial.
Resource data
On the basis of the recorded data, an estimated total direct staff time of 220 min is required for delivery of the 12-week HOPE programme. A formal cost-effectiveness evaluation was not possible in this pilot trial.
Management data
Maintenance of assessor blinding was challenging. Assessors were frequently unblinded, both directly and indirectly, at the follow-up assessment. The high rates of assessor unblinding highlight the need to explore including a sham intervention or alternative methods of outcome assessment when designing RCTs of complex interventions for older people with frailty.
Scientific data
Both an adjusted between-group TUGT difference of 28.6 and 3.2 s (derived from the sensitivity analysis) are greater than the TUGT MCID of 1.4 s. These preliminary estimates are therefore likely to be clinically important for future change in health status and provide the necessary data to design a future definitive trial.
Strengths of the trial
The HOPE trial was methodologically rigorous and followed international guidelines for the development and evaluation of complex interventions [12] and trials involving older people with frailty [15] . A number of recruitment methods were used to identify older people with frailty and, on the basis of current knowledge [11] , the HOPE trial is the first RCT of a home-based exercise intervention for older people with frailty that has reported baseline frailty using a validated measure.
The mean baseline EFS score of 8.1 indicates that most participants could be considered frail, but a proportion may have had milder frailty. However, more recent evidence has identified that, compared with a reference standard phenotype model, a TUGT cut-point of ≥15 s has a very high specificity for identifying frailty, indicating very few false positive results [18] . Therefore, the mean baseline TUGT of 51.0 s provides additional support that, on the whole, our participants can reasonably be considered frail. Taken together, these results provide reassurance that our recruitment methods were appropriate.
Limitations of the trial
Previous research has demonstrated that the EQ-5D may be less sensitive to change than alternative quality of life measures [30] and there is uncertainty regarding the sensitivity to change of the Barthel index [31] . The relatively short duration of the trial, absence of long-term follow-up and lack of statistical power meant that it was not possible to investigate whether these measures are likely to be sufficiently responsive for use in a future definitive trial.
The trial was characterised by high rates of assessor unblinding, which increases the risk of detection bias. However, it is important to identify this limitation so that appropriate measures to reduce risk of bias can be incorporated into the design of future trials.
Conclusion
The pilot HOPE trial has provided valuable process, resource, management and scientific data, including preliminary evidence that the deterioration in mobility experienced by older people with frailty may be potentially diminished through a 12-week home-based exercise intervention. This preliminary evidence requires confirmation in a future definitive, adequately powered RCT that incorporates long-term follow-up of important outcomes including disability, quality of life and admission to hospital and long-term care.
